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(54) Methods and means for the treatment of immune related diseases such as Graft vs. Host 
disease 

(57) The present invention provides novel means 
and methods for treating unwanted side reactions in 
transplantations, such as GvH and allograft rejection. 
The invention provides immurtotoxines compnsing an 
antibody and a toxic substance, whereby cocktails of 
such conjugates directed to different targets associated 
with one population of cells, wherein one target is cho- 
sen from CD3 or CD7. The preferred combination is a 
cocktail directed against both. 
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Description 

r0001l The invention relates to the field of immune system related diseases, in particular to novel means and methods 
foVtreating these diseases. More in particular the invention provides novel means for eliminating or suppressing popu- 
lations of unwanted CD3 and/a CD7 positive cells. , ^.^^ 

roorci Tvoicallytheirwenfonfirxisa^^ . 
S3 XeZbone marrow plantation (BMT) is a worid-wide accepted method to treat a number of severe 
SL h Urt myeKHlysplastic syndrome, bone marrow failure, immune def-aency W diseases and 
hemoglobinopathies (1 -6). For a good engraftmerrt, the bone marrow must certain a mmimurn number of TcefctJ-IJ. 
ScSs ^y also confer benefit as they contribute to the soiled gran-versus-leutem.a effect which corves the 
£££ r^MU malignant ce»s (1 1 -13). H^ever.dc^orT cells may r^^ 

Lt-versus-host-disease (GVHD) which results in serious damage to the skin. liver and gasfronrtestinal tract (2.14- 
ffj^Steease occurs within thefirst three mc<^ after BMT. it is ctassBied as acute 
ops ata^rtwstage it is referred to as chronic GVHD. The severity of the clinical symptoms ^expressed in four SJ^^' 
Se I refening to minimal GVHD. and grade IV to the most severe form which is usually fata, and invofves eprierm,- 

S'lhe^ 

Hospital Nijmegen. 98% of lymphocytes are depleted from the graft using courrterf low ^f^^^T^ 
despite depletion of the vast majority of T cells. GVHD can still occur. The annuahncrience 
z> GVHD atfte University Hospital Nijmegen is ~ 6 out of a total of 40 allogenic ^^J^^XS 
Worid-wkle GVHD occurs in 30-70% of HLA-matched recipients and contributes to death m20-40% of those .affected 
(2 itt Even if a patient survives severe GVHD. this results in long-lasting disability and mortxMy fading to repeated 
idrrtssS " hoSital. The development of an effective alternative treatment for GVHD w.11 therefore have a major 
impact on both survival and the quality of life of allogeneic BMT recipients. 

25 [0005] Current treatment is usually as follows. i«,^«„„ «n««irte 

0006 /teimirumo^ophyladscydo^ 

cra^mo/kg^ If the patient develops GVHD. 1 s 4ine therapy in the form of corticosteroKls is given fiP"*mn-1 
XS&XSm «he paSrt does not^pond to this therapy within 48 hours, or if the GVHD is rxogr^ew^n24 
taS^Xi metSredrusolon (Solumedro. 4 x 250 mgflay) I. given as second line £W ™-> "Jj^ose 
methylprednisolon has failed, patients are currently treated with Leukotac (a-IL2-receptor MoAb) 09^ A^ough 
jSor^eTareseen in some cases during administration of Leukotac. GVHD normally recurs once treatment isdecon- 
li™ed!^WHD^ wnfeverfeally be fatal for about 90% of the patients not responding to the second line therapy within 3- 

roS Thepresert invention provides 

K specifically recognizing receptors on cells to to eliminated. In a number of preferred errtoodiments at least one 
such a molecule will be coupled to a toxic moiety. Such molecules are often referred to immunotoxins. 
[0TO] Snmunotoxin (IT) is a conjugate of for instance a monoclonal antibody, [MoAb). usually developed ,n a 
mouse courted to a prtertto»n such as the A-cha^ 

expressed on those cells which are to be eliminated, wherafter the entire antogen-IT complex .s .nterna .zed. Once 
E^cell,thebond between t^^^^ 

it inhibits protein synthesis irreversibly by means of a catalytic reaction which culminates in the cells death ^noe ^the 
loxin-moiety fe incapable of entering the ceD autonomously and is inactive outside the cell, ITs are only hazardous to 
cells that express the specific target antigen and are capable of internalising the IT complex. 
[0010] sietheirintroductionin 1979. ITs have been used to treat a variety of diseases including f^ 1 ^™?^^^ 
Emors immunological disorders and viral infections. At the Department of Hematology of the Uraveraty HospfcU 
N^en. ITs ha^ been investigated since 1984 within the framework of bone marrow trar^arrtatonl to etanate 
malignant T/B-celte from autologous bone marrow grafts and normal T cells from allogeneic bone marrow grafts (21- 

50 [0011] CUrocal results published so far are mainly from Phase l/l I studies. The commonly observed Phase Idose-lim- 
U toxicities of RTA-ITs are vascular leak syndrome (VLS) and myalgias. These side effects, due to *e bystarKto 
ejects of the toxin, appeared to be transient and generally ceased shcrty after immurajtox.n*™ 
tinuS^-Twodiff^^witoessedtoxicriyduetoc 

55 in both cases the IT directed against ovarian carcinoma and breast carcinoma, respectively, crossreacted with neural 
^rSfng in lere neuroSdcitv. Tnese observations stress the importance of extenjve P<**"^«^ 
crossreadrvity with normal tissue. A common feature in most clinical trials was the development of human arrtbod.es 
against both the MoAb and the toxin part of the IT (32). These humoral immune responses were not assoaated with 
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enhanced toxicity nor allergic reactions, but decreased the serum half life of the rT. Nevertheless, clinical responses 
were seen even in the face of anti-IT antibody (35-37). 

[0012] The efficacy of treatment with ITs, as observed in the Phase I trials, has shown to be strongly influenced by 
the accessibility of target cells. So far. treating solid tumors has met with little success whereas treatment of disorders 
like lymphomas and certain immunological diseases resulted in partial and complete responses in 12-75% of cases 
(38) These resufts are impressive considering the fact that treatment of cancer with >90% of the drugs currently avail- 
able produced fewer than 5% of partial and complete responses in Phase I trials (38). 

[0013] Thus the present invention provides a pharmaceutical composition for eliminating or reducing the number ct 
unwanted CD3 and/or CD7 positive cells, cornprising a mixture of at least a first molecule specifically recognizing CD3 
or CD7 and at least a second molecule specifically recognizing another ligand receptor associated with the surface of 
such an unwanted cell, whereby at least one of the specifically recognizing molecules is provided wrth a toxic moiety. A 
pharmaceutical composition is defined herein as any composition which can be administered to an ind.«dual. be it as 
one single dosis or as a regimen of doses by any viable route, preferably by intravenous administration. opHonaltjr con- 
taining usual vehicles for administration and/or components of regular treatment of the relevant immune related dis- 
ease Unwanted cells are any cells that comprise CD3 and/or CD7 (and of course many other) molecules associated 
with the cell surface, which cells are involved in a pathological condition in an individual. Typically these cells are TceHs 
or NK-cells or other cells playing a role in GvH or allograft rejection. Also aberrant cells (T cell leukerruas wrymphomas 
for instance) comprising CD3 and/or CD7 (preferably both) can be eliminated or suppressed according to th^nventon. 
[0014] A molecule specifically recognizing CD3 or CD7 or another ligand-recepior is a term well understood in the 
art It means any molecule having a relatively high binding affinity and specificity for CDS, CD7 or the receptor. It may 
typically be a ligand for a receptor or an antibody for either CD3, CD7 or another receptor (receptor is defined as any 
molecule capable of a specific interaction), which antibody may be truncated or humanized or altered in any other way 
without losing its specificity (such alterations are herein defined as derivatives arKi/a fragments). Toxic maet.es are 
basically any and an molecules that lead to toxicity for the target cell be it directly or indirectly, thus mclud.ng but not 
limited to lectins, ricin, abrin, PE toxin, diphteria toxin, radio-isotopes, cytostatic drugs such as adriamyan apoptosis 
inducing agents and prodrug converting substances together with prodrugs such as the thymidin kinase and acyclo- 
vir combination. Preferred is Ricin A, preferably deglycosylated (In order to prevent the binding of ricin Atocarbohy- 
drate-receptors expressed by liver cells, deglycosylated ricin A (dgRTA) (20) is preferred). In i prodrug ernbal.rnents 
typically one of the molecules specifically recognizing CD3 or CD7 or a receptor may be provided wrth the corivertng 
agent and the other with Ihe prodrug. CD3 however does not need to be coupled to a toxic moiety to have an effect, 
since it blocks the interaction of the T cell receptor with APC s. This is one of the advantages of the present invention 
which are not poresent in the prior art . ^ . _. 

[001 5] As stated above it is preferred that both CD3 and CD7 are targeted by specif ic bind.ng molecules therefor. The 
cocktail has proven itself in preliminary clinical studies, in an embodiment where the toxic moiety is attached to both 
35 specifically binding molecules, which are both antibodies. A surprising effect of this cocktail s that atHiough in some 
cases GvH relapse occurs, this relapse is now treatable with low dose corticosteroids, which in first mstance the GvH 
was not Thus such a combination is another preferred embodiment of the present invention. The nvenbon thus also 
provides a pharmaceutical composition as described above, whereby said first molecule specrhcally recognizes CD3 
and said second molecule specifically recognizes CD7. 
40 [0016] The toxic moiety may be coupled to the specifically binding molecule in any manner, such as by making a 
fusion protein by recombinant means, typically including a protease cutting site between binding molecule and toxic 
(proteirj moiety, but for ease of manufacturing and freedom of choice in toxic moieties chemical coup ing is prefened. 
optionally by an acid-labile linker. (Upon internalization a conjugate typically goes through a lysosome) 
[0017] The invention also provides a pharmaceutical composition according wherein at least two molecules specrii- 
« cany recognizing different receptors are provided with toxic moieties, which may be the same or different tow moieties. 
There is a major advantage to using different toxic moieties when the side effects of Ihe moieties are drfferentbecause 
higher doses can then be given. Typically the pharmaceutical compositions according to the invention may further com- 
prise at least one further molecule specifically recognizing CDS. CD2. CD4. CDS or an IL-2 rece^or wruchrnay also 
be coupled to a toxic moiety. This may provide higher efficacy, but may also be used to prcv.de higher specificity for 
so groups of cells, also in combination with for instance prodrug regimes. 

[00181 It is preferred that when Hie molecule specifically recognizing CD3 is an antibody that the antibody is ofthe 
IgG gamma-2B class, because this antibody does not lead to complement activation in this setting. Thus the invention 
in yet another embodiment provides a pharmaceutical composition wherein said fret molecule is a gamma2B IgG anti- 
body or a derivative thereof, which recognizes CD3. ... 
55 [0019] Doses used are given in the detaBed description hereof. The fimitas of dosesof immunot(winsinregimerehke 
the invented one are typically dependent on the immunotoxin. both because of the specificity and affinity of the specific 
binding molecules as well as because of the different tolerated doses for different drugs. Expressed in equivalents of 
Ricin A deglycosylated the limits will be generally within at least 25 micrograms per square meter body surface (a grown 
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eases or irrfectous immune diseases such as H ™**™- TTZl herein the relapse is treatable with low doses of 
effect is seen in that after treatment with a composton as disclosed herein, the reapse 

corticosteroids. 

but also NK cells which is another advantage of the present invention. 
Detailed description of the invention 

Xomazyme-CD5 was abandoned treatment of GVHD we set up to develop alternative rTs with 

[0024] Encouraged by the imtel success of the '^^.^^^^^ MoL^ react with antigens that 

- Synerg^ccytotoxidtyinwhichthesin^neousincutetionof^ 
^-^eef^ 

- Broad mechanism of action ,n which binding of ^^*?*™ r , ^K ^ J£L patient antigens. This 

to aggravate the severity of GVHD especially in the later phase of the d.sease. 
2A Clinical history of the IT-cocktail components: 
mn™ wra-SPV-T3aisarnouselg«*MoAbd^^ 
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[0033] SMPTi Sa soc*ed^rKH|e™^™^'^ 

sylated recombinant ricin A (rRTA) (52, 53). . . . . rinRTA . hased rTs to oatients with refractory B<ell 

pulmonary insufficiency. . in^onmKiv in 4-hours infusions at 48-hours inter- 

?0038] Patients received four doses of IT-«>cktail adm,n,sten* is continued with the 

vals. If no clinical response is observed and if no severe toxicities (grade III or IV) occur, tne siuoy 
next higher protein dose level. 
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4.0 Patient population 

[0039] Patients have received high dose corfcosteroKi therapy (metr^rednfcoton 1000 ntfQ tor at .east 

three days without any decrease of the severity of aGVHD. 
[0040] Patients are EXCLUDED from participation in the study if: 

1 ThepaliertfhasasignificanthiW^ 

2. The patient has history of allergy to mouse immunoglobuhns or, nan. 

3. The patient has circulating high levels of human ant-mouse ant.bod.es (HAMA). 
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5.0 Treatment 

5.1 Pharmacological information: 

when evaluating the quality of different lots of ITcocktail. 

5.2 Immunotoxin administration: 

Ek3ES33S3S3S«3s 

isterea in roui ™**> 14 ^ ft administration of xenogemc Ig). 

35r?iss tssfisss :2L*««- ^^.m^ - swe ^ are 

20 5.3 Guidelines for dose modification: 

[00441 Toxicities related to the immunotoxin administration are graded as grade I (rrtkl) II ^^^SZ 

level is dependent upon the toxicity achieved after the previous infusion: 

(halving of the dosage can be considered). 
Grade IV toxicity: no further dosage. 

[0046] Dose escalation: Progression from one dose level to the next should only occur after: 

- The patientfs) of the group treated .nth the previous dose lev* have received four doses of IT-cockfcl and have 
been observered for at least 48 hours after the last dosis, and. 

- Dose limiting toxicity has not been reached. 

100471 Dose limiting toxicity: Dose limiting toxicity is defined as the occurence of adverse reactions d F grade lllor 

imum Tolerable Dose (MTD). 
5.4 Concomitant medication and treatment: 
50 [0048] immunosuppressive agents used for prc*hyiaxis and initial treatment may maintain unchanged throughout 

immunotoxin therapy. 

6.1 Pretreatment studies: 
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(see Appendix I). 

6.1 Follow-up studies: 

AC5AT <GOTl ALAT (GPT) flGT. LDH, total protein plus electrophoresis (see Appendix I). 

the last dose and then weekly thereafter. . . a# n 1 ~ a q 12 24 and 48 hours 

and cytoto^c acdvHy C a..o-reac«ve PBLs is tested 2 days t*** the last dose using 
standard T-helper and T-cytotoxic-precursor assays, re^echvely administra- 

given an overall grade of aGVHD based on severity of organ involvement (Appendix II). 
35 [0058] Responses to therapy are defined as follows: 

. complete response (CR): the disappearance of symptoms in all organ sy^rns; 

- parS response (PR): improvement of 3 1 organ, with no worsening in <*her organs. 

- mixed response (MR): improvement of 3 1 organ, with worsening in 3 1 other organ. 

40 - stable disease: no significant change in any organ system. „ onc 

[0059] The duration of reponse is defined as the period from the date the response was first recorded to the date on 
which subsequent progressive disease is first noted. 
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Results. 

[0060] Animal toxixity studies. 

[0061] Animal toxicity studies are summarized in appendix III. 
Clinical study. 

[0062] The results of the clinical study are reported in Appendix IV. 
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Materials and methods. 
Making monoclonal antibodies. 

include affinitychromatography and the like. 
Preparation off F(aiy)2 fragments. 



IT preparation. 
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Table I 



Dose levels: 




Dosage of 


rT-cockteil (mg/rr 




# Patients 


d1 


d3 


d5 


d7 


Total 


1 


2 


2 


4 


4 


12 


2 


4 


4 


4 


4 


16 


2 


8 


8 


8 


8 


32 


2 


10 


10 


10 


10 
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Appendix 1: Flow-chart of IT-cocktail study (summary 
study requirements) : 

5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



PROTOCOL PLOW SHEET 

(days following initiation of the study) 



1st 


2nd 


3rd 


inj. 


inj. 


inj . 


1 


1 


i 


dl d2 


03 a* 


d5 



4 th 
inj . 
1 

d6 d7 d 8 d» dlO d22 d29 d36 d43 



Informed 

consent 

History and 

Phys. exam. o 

Chest x-ray o 

ECG ° 

Vital signs 
Biochemistry 2 o 
Hematology 3 o 
PharmoKinetic 
s 

HAMA/HARA o 

Flowcytometry o 
6 

Cytokine o 
levels 7 

Alio- ° 

precursors 

GVHD staging o 



o 1 

o 
o 



o 
o 



o 
o 



o 
o 

o 



o 1 
o 



o 
o 
o 



o* 
o 
o 
o5 



o 
o 



o 
o 
o 



o 
o 
o 



o 
o 
o 



o 
o 



o 
o 



o 
o 



. , • *™ shocked every 15 min during the 1st hour post- 
every hour up to e hours peat-injection. ureft 

plus electrophoresis. 
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o o 
o o* 
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3 . The hematology panel include., leukocytes plus differentiation, red 



5: 

24, and 48 

the last injection. ra _ VprR ^3 CD3, CD4, CD5, CD7, 

6: The flowcytometry panel includes the markers CD2, uw, 

CDs CD14, CD 19 and CD56 . 

™ serun, is assayed for levels of n-a. TNF-a and ffljf. 
8: To be continued monthly when responses are observed. 
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Appendix II: staging acute grafrversus-host disease 

(Glucksberg etal, Transplantation 1974, 18: 295-304) 

Skin 

grade Is maculo-papular eruption involving less than 25% 
of the body surface 

grade 2: raaculo-papular eruption involving less than 
25%to 50% of the body surface 
grade 3: generalized erythroma 

Liver 

grade 1: bilirubin 34-50 /intol/1 
grade 2: bilirubin 51-100 /tmol/1 
grade 3: bilirubin 101-254 fimol/1 
grade 4: »255 /imol/1 

Gut 

grade Is 500 to 1000 ml of stool/day 
grade 2: 1001 to 1500 ml of stool/day 
grade 3: 1501 to 2000 ml of stool/day 
grade 4s >2000 ml of stool/day 

Overall severity of aGVHD 

grade 1: skin: l/2; gut: 0; liver 1 

grade 2 s skins 1/2/3/; gut 1/2 and/or liver 1/2 sometimes 
associated with fever 

grade 3 skins 2/3/4; gut 2/3/4 and or liver 2/4 often 

SS^ e SlSJSr f S%* 3 but extreme constitutional 
symptoms 
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Appendix III 



Determination of LD50: 

Survival Balb/C mice following i.v. administration IT-cocktail 



DoseWmouse) Timeof death Survival after 2 weeks 



770 (n=4) 
385 (n = 3) 
193 (n=4) 
96 (n=4) 



day 0, day 9, day 9 



25% 
100% 
100% 
100% 



percentage weight change following administration 




5 10 
timeafterinjection (days) 
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Animal toxicity studies: 



A. LD50 determination with Balb/C mice: 



- IT-cocktail: 25-45 mg/kg 



- RFB4-dgA: 14 mg/kg 



B. Administration to Java-monkey's: 



- Rise of CK-levels following infusion 



- No further acute toxicities 
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Java Monkey's 



0,1 mg/kg 



-o-- SPV-T3a-dgRTA 
WTl-dgRTA 
■IT-cocktail 




0,2 mg/kg 



0,2 mg/kg 




... SPV-T3a-dgRTA 
WTl-dgRTA 
■IT-cocktail 



0,25 mg/kg 



96 



time after 1 * infusion (hours) 
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Java-monkey's 



10000 
8000 
6000-1 
4000 
2000 
0? 



I 



0.1 + 0.2 mg/kg 



>,n^r — 



0 100 200 300 400 500 

tt 



0.2 + 0.25 mg/kg 




time after 1 st infusie (hours) 
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Appendix IV 

FIRST PATIENT: 

- Male, 60 years, transplanted for MM 

- Grade IV GVHD several weeks following aBMT 

- No response to high dose Solumedrol 

- Multi-organ failure 

- IT-cocktail: 2 doses 2 mg/m 2 , 1 of 4 mg/m 2 

- Died eight day's following the first infusion 
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SERUM CONCENTRATION 



4 T 




peaklevel IT-cocktail:0.6, 0.9, and 3.2 jig/ml 
t, /2 SPV-T3a-dgRTA: 8,6 uur 
t, /2 WTl-dgRTA: 10,4 uur 
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TOXICITY'S 
Mild capillary leakage, no weight gain 
No increase of CK-levels 
No further acute toxicity's 

CLINICAL RESPONSE 
Skin: improvement starting at day 5 
Liver: stable (poor condition) 
Gastrointestinal tract: not interpretable 
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BIOLOGICAL RESPONSE 
reduction of lymphocytes 

10 

800 t 




hours after l* c infusion 



- Foreintu»ion:OJxlO'AcircidatingT/NK-cells 

40 

- Directly following infusion decrease to 17% 

45 

- Gradually declines further to 1% at day 7 

- Dual mechanism: mAb-based/dgRTA-based 
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Elimination T cells/NK cells 

5 . * 




time f olio wing l 9 4 infusion (hows) 
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SECOND PATIENT 
Male, 34 years, transplanted for CML 

Grade III/IV GVHD of the skin 

No response to high dose Solumedrol 

IT-cocktail: 2 doses 2 mg/m 2 , 2 of 4 mg/ 
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Serum concentration IT-cocktail 



10 



15 



20 



25 



30 



35 



2 T 



1 15 
a. 



8 



i«- 



0.5 ■ ■ 



~a-- SPV-T3a-dgRTA 
WTl-dgRTA 
■ IT-cocktail 



4 






! 1- 



-4 

t 



92 

t 



116 



20 44 68 
2 mg/m 2 2 mg/m 2 4 mg/m 

time after 1 st infusion (hours) 



140 164 

t 

4 mg/m 2 



AO 



TOXICITY'S 
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50 



- No acute toxicity's could be observed 
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CLINICAL RESPONSE 



- Dramatic (complete) response starting at day 5 

- Lasting for ~ 1.5 month 

- Relapse of GVHD I-II 

- Responding to low dose corticosteroids 



Claims 



L Aphar^ceutica.0 

* leX ™* th^ecifi«.ly recognizing molecules is provided wrth a tox,c mo,ety. 
2 ^^^convo^^n,^ ^erebvsaW first molecule specif^ly recognize, CD3^ 
said second molecule specifically recognizes CD7. 

3. Apharmaceufcalcc^^ 
or a derivative thereof. 

4. Aoharma^calcc^^ 

a fragment or a derivative thereof. 

5. A pharmaceutical composition according to any one of claims 1 -4. wherein said toxic moiety is ricin. 

6 A pharmaceutical composition according to any one of claim 5. wherein ricin is deglycosylated ricin A. 

unwanted cell. 

9 Apharmaceuticalcar^ 

specifically recognizing CDS. CD2. CD4, CDS or an IL-2 receptor. 
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1 0. A pharmaceutical composition according to claim 1 . wherein said first molecule is a gamma2B IgG antibody or a 
derivative thereof, which recognizes CD3. 

1 1 A pharmaceutical composition according to anyone of the afo^goingdaims. which comprises at least the equiv- 
5 " alerrt dosis of 25 micrograms of RWn A per square meter of body surface. 

12. A pharmaceutical composition according to Cairn 11. comprising at least the equrvalent dosis of 100 micrograms 
of Ricin A per square meter of body surface. 
,o 13. A pharmaceutical composition comprising at most the eo.uiva.ent dosis of 25 mg of Ricin A per square meter of 
body surface. 

14 A composition according to anyone of the afore going claims for use as a pharmaceutical. 
rSTrralignancies. autoimmune diseases or infectious immune d.seases such as HlVnofecton. 

. -^^^^^^^^^ 

17. A kit according to claim 16 for use as a pharmaceutical. 
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RTA: toxicity 

MoAb: specificity 
figure 1 : Immuno toxin 
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figure 3t SMPT 
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